Brentuximab vedotin is an antibody-drug conjugate FDA-approved for the treatment of systemic anaplastic large-cell lymphoma (ALCL) that has relapsed after multiagent chemotherapy. At least 2 cases of hypersensitivity reactions to brentuximab vedotin have been reported, without attempted desensitization. This report describes a morbidly obese 32-year-old woman with ALCL that relapsed after autologous stem cell transplantation, who was treated on a phase II clinical study with brentuximab vedotin. After 1 dose, she experienced near-complete remission, but therapy was stopped because of severe drug-related toxicity. She then received 5 cytotoxic treatments and radiation, and ultimately experienced disease progression. The patient was rechallenged with brentuximab vedotin approximately 28 months after initial exposure and tolerated the dose well, but experienced a significant allergic reaction with the next dose. High-dose steroid and antihistamine prophylaxis administered 50 minutes before the subsequent brentuximab vedotin infusion was unsuccessful in mitigating this reaction. Brentuximab vedotin was successfully infused according to a rapid desensitization protocol. With progressive dose titration and supportive care, the patient tolerated this therapy. She received 11 doses through a rapid desensitization protocol and experienced a durable disease remission. (J Natl Compr Canc Netw 2014;12:465-471) received for this article. The National Comprehensive Cancer Network (NCCN) is accredited by the ACCME to provide continuing medical education for physicians.
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Learning Objectives
Upon completion of this activity, participants will be able to:
• Describe the rationale for the use of brentuximab vedotin in the treatment of patients with relapsed sALCL • Review the options for desensitization in patients with relapsed or refractory sALCL and hypersensitivity to brentuximab vedotin The patient enrolled in a phase II clinical trial for patients with relapsed ALCL to receive brentuximab vedotin. After 1 dose/cycle, she experienced a near CR (all existing cutaneous lesions resolved; 1 new small lesion appeared). However, therapy was complicated by mucositis, myositis, elevation of hepatic transaminases, direct hyperbilirubinemia, alopecia, and significant pancytopenia. Her liver injury was thought to be partly from underlying nonalcoholic fatty liver disease (which was confirmed on subsequent biopsy), but brentuximab vedotin was discontinued because of concerns that additional cycles would worsen hepatic injury, and because of delayed blood count recovery. In the absence of brentuximab vedotin therapy, her ALCL progressed during the next 3 months, manifesting as multiple cutaneous lesions.
She then received 5 cycles of gemcitabine and bortezomib as part of a clinical trial, after which she again experienced a CR but had an additional episode of hepatic injury (attributed this time to amoxicillin-clavulonate and fluconazole in the setting of known underlying nonalcoholic fatty liver disease). Her 3 remaining skin lesions were irradiated and subsequently resolved. Within several months, however, her cutaneous lesions progressed.
After one dose of bendamustine, her lesions on the left forehead and abdomen were irradiated, and she experienced a partial remission. She subsequently received 9 cycles of single-agent liposomal doxorubicin. Once again, CR was achieved, followed by
Case Report
A 32-year-old woman with a medical history of super obesity (body mass index ≥50 kg/m 2 ) presented in May 2008 after detecting a mass medial to her left eye. Left maxillary alveolus biopsy revealed a mature T-cell neoplasm, consistent with anaplastic large cell lymphoma (ALCL), anaplastic lymphoma kinase (ALK)-negative. Neoplastic cells were positive for CD45 (partial), CD3, CD30, and BCL2, and negative for AE1/AE3, epithelial membrane antigen (EMA), TdT, CD79a, and CD20.
Surgical history was notable only for uncomplicated cholecystectomy. She worked in the container industry as an inspector and packer, and smoked cigarettes occasionally. She did not use alcohol or illicit drugs and had no known allergies to medications or foods. She was taking no medications at the time of diagnosis.
Staging CT imaging showed hilar lymphadenopathy and extranodal disease, including the left maxillary sinus (extending from the left eye inferiorly to left upper jaw), skin, and subcutaneous soft tissue. Bone marrow biopsy showed no evidence of lymphoma.
The patient was treated initially with 6 cycles of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), which were well tolerated except for nausea. She experienced a brief complete remission (CR), but quickly relapsed within 1 month. She received 3 cycles of etoposide, methylprednisolone, cytarabine, and cisplatin (ESHAP), which were well tolerated except for oral ulcerations during the final cycle. She experienced a CR and underwent stem cell mobilization and collection, but her obesity was considered a relative contraindication to highdose chemotherapy and autologous stem cell transplant (HDT-ASCT) at that time. She underwent consolidative radiation, during which she developed a scalp nodule and cervical lymphadenopathy, biopsy of which confirmed disease recurrence. She then received HDT-ASCT with carmustine, etoposide, cytarabine, and melphalan (BEAM) conditioning. Unfortunately, approximately 2.5 months after transplant, she developed lymphadenopathy of the posterior neck and abdomen, and biopsy confirmed recurrence. She then developed multiple painful, pruritic cutaneous lesions of varying size and degrees of ulceration (Figure 1) , and palpable subcutaneous lumps. Skin biopsy confirmed recurrent ALCL. recurrence within 6 weeks. Neither romidepsin nor weekly low-dose methotrexate provided any clinical benefit. In light of her prior near CR to one dose of brentuximab vedotin, the decision was made to reinitiate this therapy.
The rechallenge with brentuximab vedotin was administered approximately 28 months after her initial dose. She was pretreated with corticosteroids, acetaminophen, and diphenhydramine, and tolerated this dose well without incident. During infusion of cycle 3, she felt significant nausea and had a witnessed syncopal episode in which she struck her occiput, lost consciousness, and had convulsions. No evidence was seen of urticaria or rash. Her vital signs, recorded in the emergency department 30 minutes after her syncope, included temperature of 96.7°F, heart rate of 135 bpm, blood pressure of 72/38 mm Hg, and respiratory rate of 32 breaths per minute. At 90 minutes after syncope, her heart rate was 118 bpm, blood pressure was 101/63 mm Hg, and respiratory rate was 20 breaths per minute. Her subsequent diagnostic evaluation, including electrocardiogram, echocardiogram, brain CT, and brain MRI, showed no cause for syncope and no evidence of seizure activity. Her syncope was thought to be vasovagal from severe nausea. Additional antiemetic medications were given before subsequent cycles.
Approximately 10 minutes into the infusion of her fourth cycle, she developed pruritus, flushing, tachycardia with a heart rate of 100 bpm, and hypotension with a blood pressure of 100/72 mm Hg. She was afebrile and without hypoxia or tachypnea. The infusion was stopped, and she was given 100 mg of intravenous hydrocortisone, 0.5 mg of intravenous lorazepam, 50 mg of intravenous diphenhydramine, and 20 mg of intravenous famotidine. Within 25 minutes, she was asymptomatic and her vital signs had normalized.
Her fifth brentuximab vedotin cycle again caused anaphylaxis, despite pretreatment 50 minutes before the infusion with 250 mg of intravenous methylprednisolone, 60 mg of oral fexofenadine, 20 mg of intravenous famotidine, 50 mg of intravenous diphenhydramine, 650 mg of oral acetaminophen, and 32 mg of intravenous ondansetron. She was tachycardic (heart rate of 128 bpm) and hypotensive (systolic blood pressure of 100 mm Hg; diastolic blood pressure not documented). The infusion was halted, and 50 mg of intravenous diphenhydramine, 100 mg of intravenous hydrocortisone, and 20 mg of intravenous famotidine were given. She began to improve within 25 minutes and was asymptomatic within 60 minutes.
Desensitization
The allergy/immunology service was consulted to assist with desensitization to brentuximab vedotin. The patient was admitted to the medical intensive care unit (MICU) for monitoring. There, she received hypersensitivity skin testing and brentuximab vedotin infusion according to the rapid desensitization protocol for hypersensitivity reactions to chemotherapy, as reported by Castells et al 1 (note: this case series demonstrated efficacy of a desensitization protocol for hypersensitivity to carboplatin, paclitaxel, doxorubicin, cisplatin, and rituximab; no brentuximab vedotin cases were reported). Hypersensitivity testing with skin prick and intradermal methods were both negative. Pretreatment was administered with 50 mg of intravenous diphenhydramine, 20 mg of intravenous famotidine, 60 mg of intravenous methylprednisolone, 10 mg of oral montelukast, and acetaminophen, with albuterol and epinephrine available at the bedside.
For rapid desensitization, 3 brentuximab vedotin dilutions of increasing concentration were each delivered at 4 increasing rates, over 13 consecutive steps. The 100-fold dilution was 0.0072 mg/mL, the 10-fold dilution was 0.072 mg/mL, and the final dilution, calculated to deliver the remaining volume to achieve the target dose of 180 mg intravenously (1.8 mg/kg, with 100 kg maximum), was 0.7143 mg/mL (Tables 1 and 2 ). Four episodes of transient localized pruritus, each without evidence of hives, occurred during the procedure. Each resolved after temporarily stopping the infusion and administering an antihistamine. The infusion resumed each time, and cycle 6 of brentuximab vedotin was delivered at target dose. The patient was scheduled to receive her remaining doses using the same protocol. She soon returned to the MICU for successful rapid desensitization and delivery of brentuximab vedotin cycle 7. No evidence was seen of allergic reaction. She again reported several episodes of pruritus, consistent with her pruritus baseline, with no other allergic signs or symptoms.
Cycles 8 through 11 were each given through the desensitization protocol previously mentioned, without development of a reaction (cycle 8 continued with MICU observation, and cycles 9-11 with ob-CE servation on the inpatient floor). Cycle 12 was also delivered by desensitization on the inpatient floor. Pruritus, itching, and throat congestion, without objective evidence of oropharyngeal edema or rash, were relieved with one dose of diphenhydramine. Recurrent pruritus resolved after 100 mg of intravenous hydrocortisone and 50 mg of oral hydroxyzine, without occurrence of hives or edema. Cycle 13 was notable for baseline pruritus, scratchy throat, phlegm production, and periorbital edema, treated to resolution with 125 mg of intravenous methylprednisolone, 50 mg of intravenous diphenhydramine, and 50 mg of oral hydroxyzine. Later during the same infusion, she again developed periorbital edema, which resolved after 10 mg of oral montelukast, 20 mg of oral famotidine, and 600 mg of oral ibuprofen. After cycle 13, her skin lesions completely resolved. She completed 16 total cycles, the last 11 of which were delivered with rapid desensitization. As of June 2013, the patient remained in CR.
Discussion

Anaplastic Large Cell Lymphoma
Peripheral T-cell lymphoma (PTCL) accounts for fewer than 15% of all cases of non-Hodgkin's lymphoma (NHL) in adults. ALCL is a histologic variant of PTCL with an estimated incidence in the United States of 0.25 cases per 100,000, or approximately 2000 cases per year. 2 The neoplastic cells of ALCL are large CD30 + cells of T or null lineage. 3 The diagnosis is made based on a combination of clinical immunohistochemical and cytogenetic features. The WHO and International T-Cell Lymphoma Project divide ALCL into cutaneous (cALCL) or systemic (sALCL) variants. sALCL is further stratified based on the presence or absence of ALK. 3, 4 Although sALCL follows an aggressive course, patients with ALK + ALCL can have excellent outcomes with aggressive multiagent chemotherapy.
3,5 Gascoyne et al 6 found the presence or absence of ALK protein to be the most important prognostic factor for ALCL. In a multivariate analysis, Sibon et al 7 found that β2-microglobulin (≥3 mg/dL) and age (≥40 years), and not ALK, were the only independent prognostic factors, suggesting that the better prognosis for patients with ALK + ALCL may be primarily related to younger age at diagnosis. Markers such as TRAF1, MUM1, BCL2, and CD15 have been shown to not clearly predict diagnosis or prognosis. 8 cALCL also has a favorable prognosis, with a 5-year overall survival rate of 90%. 3 Moreover, the prognosis for patients with secondary spread to lymph nodes or multifocal cutaneous lesions seems to be equivalent to that of patients with solitary cutaneous lesions.
9 cALCL and sALCL with skin involvement may be difficult to distinguish. Primary cALCL is almost always ALK -and rarely expresses the cytogenetic translocations, such as t(2;5), that account for ALK expression. 10 Likewise, cALCL is typically EMA -, whereas sALCL is frequently EMA + . 10 Most patients with ALCL are treated with multiagent chemotherapy, typically an anthracyclinebased regimen. Approximately 40% to 65% of patients with ALCL experience relapse after first-line therapy. 3 For patients with chemosensitive relapsed or primary refractory PTCL, HDT-ASCT can produce remission rates of 30% to 40%, similar to rates for relapsed or refractory diffuse large B-cell lymphoma. [11] [12] [13] Primary cutaneous and ALK -ALCL are more likely than ALK + ALCL to relapse after HDT-ASCT. 10 Savage et al 3 demonstrated that the International Prognostic Index (IPI) is of value in stratifying patients with sALCL. For patients with ALK + s ALCL with an IPI of 0 or 1; 2; 3; or 4 or 5, the 5-year overall survival rates were 90%, 68%, 23%, and 33%, respectively, compared with rates for ALK -sALCL of 74%, 62%, 31%, and 13%, respectively.
Brentuximab Vedotin
In 2011, the FDA approved brentuximab vedotin for the treatment of sALCL that has relapsed after at least one prior multiagent chemotherapy regimen (and for Hodgkin lymphoma after failure of ASCT or failure of at least 2 prior multiagent chemotherapy regimens).
14 Brentuximab vedotin is an antibody-drug conjugate composed of an anti-CD30 monoclonal antibody linked by a protease-cleavable dipeptide to monomethyl auristatin E (MMAE), an antimitotic agent that targets microtubule formation. 15 When brentuximab vedotin binds CD30, it is internalized into the target cell lysosome. 16 After enzymatic cleavage of the conjugate linkage, MMAE is released and binds microtubules, arrests the cell cycle, and induces apoptosis. 17 A phase II study of brentuximab vedotin in 58 patients with relapsed or refractory sALCL demonstrated an overall response rate of 86%, with 57% of patients experiencing a CR. In this phase II trial, no instances of anaphylaxis and no grade 3 or 4 symptoms typical of infusion reactions were reported. However, cases of grade 1 or 2 pruritus, chills, nausea, dyspnea, pyrexia, and cough were documented, although it is unclear during which treatment phase these reactions occurred. 18 During the phase I trial, however, one case of anaphylaxis to the second 1.8-mg/kg dose occurred, leading to treatment cessation. 19 Another patient had an immediate reaction to a 1.8-mg/kg dose that necessitated termination of the infusion and administration of unspecified treatment. The infusion was resumed after approximately 2 hours of recovery. 19 The phase I trial included patients with sALCL and Hodgkin lymphoma. Whether the patients who reacted to brentuximab vedotin in that trial had sALCL or Hodgkin lymphoma is unclear.
Hypersensitivity to Brentuximab Vedotin
At least 2 cases of hypersensitivity reactions to brentuximab vedotin have been reported outside of the prospective clinical trial experience. Both patients were treated at a single institution, and both had Hodgkin lymphoma that relapsed after allogeneic stem cell transplant. No desensitization was attempted in either case. 20 It bears noting that allogeneic stem cell transplant recipients were excluded from the phase I and II brentuximab vedotin studies. 18, 19 One patient experienced 3 anaphylactic reactions: 15 minutes into her cycle 2 infusion, 10 minutes into cycle 3, and during cycle 4 (time course not specified). The other patient also experienced 3 reactions: anaphylaxis 15 minutes into cycle 2, a delayed reaction 1 day after completing cycle 3, and an episode of rigors, fever, tachycardia, and hypotension at completion of cycle 3. 20 The patient in the present case report received her first cycle of brentuximab vedotin, then experienced significant drug-related toxicities, but experienced near CR. Therapy was discontinued because of concern regarding the potential for hepatic toxicity and cytopenias. After exhausting other treatment options, she resumed brentuximab vedotin therapy, receiving cycle 2 approximately 28 months after cycle 1. She may have been sensitized during cycle 1, which may have waned during the long subsequent interval, and cycle 2 likely resensitized her. Her severe nausea and syncope during cycle 3 may have been the first hypersensitivity reaction, because similar reactions to other agents have been noted. 1 During cycle 4, she experienced her first anaphylaxis, showing a delayed, progressive pattern similar to the other 2 reported cases. Hypersensitivity reactions to brentuximab vedotin seem to reflect initial sensitization during the first infusion, and reactions of progressive severity during subsequent infusions. The pattern of reactions to antibody-drug conjugates, such as brentuximab vedotin, differs from reactions to chimeric monoclonal antibodies, such as rituximab, which tend to occur during the first infusion and decrease in severity with subsequent doses. [20] [21] [22] [23] The exact mechanism of monoclonal antibody hypersensitivity is unclear. 21 Acute infusion reactions occur when cytokines are released as host immune activation is induced for tumor kill. 20 Rituximab's cytotoxic effects are thought to be mediated through the complement system and endogenous immune effector cells, which require external antigen display. 20 Because brentuximab vedotin is completely internalized into the lysosome complex, this mechanism of hypersensitivity seems less plausible. 16, 20 Baxley et al 20 asserted that brentuximab vedotin hypersensitivity reactions may be mediated by human antimouse antibodies, which several patients developed during the brentuximab vedotin clinical trial experience, and can cause allergic reactions. 24, 25 Interestingly, all reported cases of brentuximab vedotin reactions have occurred in a host who underwent prior stem cell transplantation (allogeneic in Baxley et al's 20 2 cases; autologous in the present report). However, whether or how stem cell transplant might have predisposed any of the patients to hypersensitivity reactions is a matter of conjecture.
Conclusions
The Castells et al 1 rapid desensitization protocol demonstrated safety and efficacy with rituximab (7 successful infusions in 3 patients from a cohort of 98 patients who received 413 desensitizations primarily from nonmonoclonal antibody treatments, carboplatin, and paclitaxel). To the authors' knowledge, the case report presented here is the first publication of repeated successful desensitizations to brentuximab vedotin. This method allowed successful treatment of refractory ALCL. Several of the desensitization procedures in this report were complicated by transient localized pruritus, and cycle 13 by non-lifethreatening periorbital edema. At the time of article submission, this patient is completing her final cycles of brentuximab vedotin. She has survived 60 months since initial diagnosis, 46 months since the first brentuximab vedotin cycle, and 18 months since resuming brentuximab vedotin cycle 2. This patient's favorable treatment response indicates that desensitization is a viable strategy for patients with relapsed or refractory ALCL and hypersensitivity to brentuximab vedotin, for whom brentuximab vedotin would otherwise be the preferred treatment. 
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